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Objective: To assess the association between primary spontaneous pneumothorax
(PSP) recurrence and pulmonary CT scan findings, and other variables pertaining to
clinical presentation and management.
Methods: Consecutive patients hospitalized for the first episode of PSP and treated
by various strategies including chest tube or pleurocatheter drainage and, in
persistent pneumothorax, by chemical or surgical pleurodesis. All patients had a
pulmonary CT scan examination in the week following hospital discharge in order to
calculate a score combining distribution, number and size of dystrophic pulmonary
abnormalities. This score as well as other pertinent clinical and therapeutic
parameters were compared between patients who ultimately experienced PSP
recurrence and those who did not.
Results: Eighty patients (mean age: 2777 yr) were admitted for PSP and had a chest
drainage with either a drain or pleurocatheter. Chest drainage and hospitalization
durations were 4.773.2 and 6.273.5 days, respectively. Sixteen patients required
chemical pleurodesis. Dystrophic bullae were present in CT scans in 72.5% patients.
After a mean follow up of 34720 months, 15 out of the 80 patients (19%) had a PSP
recurrence. Multivariate statistical analysis disclosed the use of pleurocatheter
(OR ¼ 5; 95% CI: 1.4–20; P ¼ 0:02) and of chemical pleurodesis (OR ¼ 8; 95% CI:
1.5–47; P ¼ 0:015) as independent predictors of PSP recurrence. The severity of
dystrophic lesions inferred from the dystrophic score was not statistically associated
with the risk of recurrence.Elsevier Ltd. All rights reserved.
re Unit and Radiology Department, CHU Fattouma Bourguiba, Monastir 5000, Tunisia.
78.
Abroug).
ARTICLE IN PRESS
Prediction of recurrent spontaneous pneumothorax 231Conclusion: Dystrophic lesions are frequently present in PSP. They are not
associated with an increased risk of recurrence.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Primary spontaneous pneumothorax (PSP) usually
occurs in otherwise healthy young patients without
apparent pre-existing lung disease. It is a common
problem encountered in hospitals with an incidence
ranging between 8 and 28 per 100,000 per year for
men and 1.2–6/100,000/year for women.1–4
While diagnosis of PSP is usually easy to make,
recurrences represent a significant problem and
remain an actual challenge to physicians who are
concerned both by the optimal treatment of the
current episode and the prevention of potential
recurrences. Numerous factors pertaining mainly to
patient’s behavior (smoking continuation) or status
(age 460 yr or height/weight index) have been
linked to pneumothorax recurrence propensity.5–7
Other studies suggested that pulmonary CT
scan findings (number and size of blebs and bullae
in particular) can predict pneumothorax recur-
rence.8–11 However, none of the proposed clinical
or radiological findings were found to carry enough
sensitivity and specificity to correctly predict these
recurrences.12–15 Studies that addressed this parti-
cular issue remain scarce and have methodologic
drawbacks precluding drawing of firm conclusion:
retrospective design, reduced sample size or short
follow-up period.
The aim of this prospective and longitudinal
cohort study is to assess the frequency of dys-
trophic lesions identified by CT scans systematically
performed after the first PSP. The value in the
prediction of pneumothorax recurrence, of pul-
monary CT scan findings, and of other parameters
pertaining to clinical presentation or to therapeutic
management, were also assessed.Patients-methods
This is a prospective longitudinal cohort study
conducted between 1999 and 2003. The protocol
was approved by our institutional review board and
patients gave informed consent to be included in
the study and to have a pulmonary CT scan.1. Inclusion criteria: All consecutive patients hos-
pitalized during the study period for the firstepisode of PSP were included in the study.
Diagnosis of pneumothorax was made on the
chest X-ray. Patients with a history of PSP and
those with coexisting lung disease were not
included in the study.2. Collected parameters at admission: Usual demo-
graphic parameters (age, gender) and smoking
status were noted in included patients. The side
of the pneumothorax (right or left) and its
volume were noted too. The pneumothorax
volume corresponds to the ratio of the cube of
the lung diameter to that of the hemithorax
diameter.163. Treatment: Management of pneumothorax was
standardized as following. According to the
policy in our hospital, patients with small
pneumothorax defined as a small rim of air
around the lung,3 have only observation or
simple aspiration. These patients were usually
managed in the Emergency Department and
were included in the study only in the case of
an aspiration failure mandating pneumothorax
drainage. Otherwise, all patients with moderate
size (half-way collapsed lung) to complete
pneumothorax (airless lung) have thoracic
drainage. This was performed either with a
medium-size tube (16F) or with an 8F catheter
(Pleurocath-Plastimed-France) at the physician-
in-charge discretion and without predefined
criteria. Suction was not performed on a
first intention basis. Suction was added only
after 12–24 h when a pneumothorax failed to
re-expand.
Chemical pleurodesis (2 g of tetracycline diluted
in 50 cm3 saline in a chest tube) was performed
in the case of a recurrent pneumothorax under
aspiration. In case of persistent air leak or
failure of the lung to re-expand for a period of
5–7 days, surgical pleurodesis was proposed.
Drainage and hospitalization durations were
recorded.4. Thoracic CT-scanning: A high-resolution CT scan
of the thorax was performed on each patient
during the 2-week period following hospitaliza-
tion for pneumothorax. Plain CT scans (lung
windows) were performed using a spiral CT
scanner. A slice thickness of 1mm and a section
spacing of 10mm were selected. All CT scans
were analyzed by the same radiologist (MG)
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Blebs were defined as small air collectionso1 cm
in diameter as opposed to bullae which are
X1 cm in diameter. Dystrophic lesions were
analyzed in both the affected and the contro-
lateral lung.
Based on the CT findings, three grades were
recognized: grade I (minimal lesions) where
0onp2 ; grade II (many lesions): nX10. This
gradation together with the lesions distribution
between both lungs allowed for the calculation
of a score of dystrophic severity10 (Table 1). This
score has a maximum of 8 points and a minimum
of 3 points.5. Patients’ follow-up: All patients were encour-
aged to come back if a similar episode of
peumothorax had to occur beyond the following
month. A systematic telephonic contact was
performed each 3 months. Accordingly, the
patients were divided into the following two
groups: patients with a recurrent pneumothorax
and those without recurrence. Both groups were
compared on clinical and therapeutic items.6. Statistical analysis: Data are presented as
means7SD. The Mann–Whitney U-test was used
to compare continuous variables and the w2 for
comparing dichotomous variables.A logistic regression was performed to identify
variables independently associated with the recur-
rence of pneumothorax. All variables with Po0.2
were included in the analysis.Table 1 Pulmonary dystrophic lesions score.
Score 1 point 2 points 3 points
Number 0onp2 2ono10 nX10
Size To1 cm 1 cmpTo3 cm TX3 cm
Distribution Unilateral Bilateral
Table 2 Distribution of study patients according dystrop
Grade Nb patients
Bullae Blebs
I (0–1 lesion) 9 2
II (2–10 lesions) 11 6
III (410 lesions) 10 1
Total 30 9Results
Eighty consecutive patients were admitted to the
ICU for PSP and had a thoracic CT scan at a mean of
1074 days following hospital discharge.
There were 78 men and 2 women. Their age
ranged from 16 to 45 yr with a mean of 2777 yr.
About 69% of the included patients were smokers.
39 of the penumothoraces were on the right side
and 41 were on the left. The pneumothoraces were
complete in 74 patients and only six patients had
moderate pneumothoraces. The mean volume of
pneumothoraces was 46712%.
Thoracic drainage was performed in all patients
by means of a medium-size tube in 49 patients or a
pleurocatheter in 31. Mean drainage duration was
4.773.2 days. Mean hospitalization duration was
6.273.5 days. Chemical pleurodesis was required
in 16 patients while only one patient required
surgical pleurodesis. No recurrence occurred in this
patient with a follow-up of 48 months. The lung was
fully re-expanded in all patients on discharge.
Regarding the thoracic CT scan findings, dys-
trophic lesions were found in 58 out of 80 patients
(72.5%). These lesions were not detected in the
chest X-ray. The lesions’ type and size are
presented in Table 2. Thirty patients (52%) had
bullae; of these, bullae X3 cm were encountered
in 8 patients. None had giant emphysematous
bullae. Nine patients (15%) had only blebs, while
both bullae and blebs were found in 19 patients
(33%). In the majority of cases these lesions were
localized in the apex. In 38 patients (66%) lesions
were bilateral while they were only ipsilateral to
pneumothoraces in 14 patients (24%). In six
patients (10%) dystrophic lesions were found only
on the controlateral lung.
Follow-up and recurrence of pneumothoraces:
the study patients had a mean follow-up of 34750
months (range: 6–74 months). None was lost to
follow-up. Fifteen patients (19%) had a recurrent
pneumothorax at a mean time-lapse of 12.376.7
months. No controlateral pneumothorax occurred
in this series of patients during the follow-uphic lesions severity.
Bullae+blebs Total patients n (%)
1 12 (21)
16 33 (57)
2 13 (22)
19 58
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Table 3 Comparison of clinical characteristics of patients with or without recurrence.
Recurrent PSP
(n ¼ 15)
Non-recurrent PSP
(n ¼ 65)
P
Age (years) 25 27 0.37
Gender (F/M) 1/14 1/64 0.34
Smoking status (Pack/yr) 7.8 12.5 0.35
PSP on the right side; n (%) 4(29) 30(73) 0.58
% collapses 54 44 0.12
Thoracic drain (n, %) 5 (33) 43(66) 0.02
Pleurocatheter (n, %) 10 (67) 22 (34)
Chemical pleurodese 6 (40) 10 (15) 0.03
Drainage duration (days) 4.3 4.8 0.98
Length of stay (days) 5.5 6.3 0.77
Follow-up (months) 48.7 30.5 0.53
CT scan lesions 9 (60) 49 (75) 0.23
Isolated bullae 3 27
Isolated blebs 2 7
Bulleae+blebs 4 15
Big size bullae 0 8
Mean CT scan score 3.47 4.88 0.13
Prediction of recurrent spontaneous pneumothorax 233period. Univariate comparison between patients
with and without recurrence is shown in Table 3.
The type of chest tube used (drain or catheter),
and the use of chemical pleurodesis achieved the
level of statistical significance. The recurrence of
pneumothorax occurred more frequently when a
catheter has been used for chest drainage (31%
versus 10% ; P ¼ 0:02 in those drained by catheter
or drain, respectively). In addition, the use of
chemical pleurodesis was significantly associated
with the recurrence of pneumothorax (40% versus
15%, P ¼ 0:03; of recurrent pneumothoraces with
the use of chemical pleurodesis).
The Cox model confirmed these two variables as
independently associated with the risk of pneu-
mothorax recurrence: the use of pleurocatheter
instead of a drain (OR ¼ 5; 95% CI: 1.4–20;
P ¼ 0:02) and the use of chemical pleurodesis
(OR ¼ 8; 95% CI: 1.5–47; P ¼ 0:015).Discussion
During the follow-up period, 15 out of 80 patients
(19%) experienced a recurrence of pneumothorax.
Dystrophic lesions of the pulmonary parenchyma
were found in up to 72.5%. Their presence was not
statistically linked to the recurrence of pneu-
mothorax as assessed by a score associating, the
number, size and distribution as well, of dystrophic
lesions. Nonetheless, the current study emphasizes
the role of the size of the drainage tube, and theneed of chemical pleurodesis in the recurrence of
pneumothoraces.
Pneumothorax recurrence represents an actual
challenge to physicians and none of the drainage
methods (simple aspiration, intercostals tube drai-
nage or even chemical pleurodesis) do guarantee
definitive pleural symphyse. The rate of recurrence
of ipsilateral pneumothorax in patients treated
with non-surgical methods varies widely between
16% and 52%.5,7,17–21 Controlateral recurrence
occurs in 5–15% cases. On the opposite, the rate
of recurrence of pneumothoraces after surgical
intervention is far less than after medical pleurod-
esis.22–24 Factors usually advocated to be linked to
pneumothorax recurrence are advanced age, smok-
ing status, pneumothorax treatment (whether
managed medically or surgically) and the presence
of dystrophic lesions usually detected by a thoracic
CT scan examination.15,25,26 Numerous studies have
previously examined the predictive value of CTscan
findings for the recurrence of pneumothoraces.
Only two studies conducted by Warner et al.10 and
Sihoe et al.11 reported a relation between dys-
trophic bullae and pneumothoraces propensity to
recur. However, essential differences in the nature
of the studies should be highlighted and both
studies had a different design from ours. Indeed,
they were not specifically devised to assess
prospectively the prediction of pneumothoraces
recurrence with inferences from CT scan findings.
Indeed, Warner et al.10 included 26 patients who
were hospitalized for PSP and treated by thoracic
drainage. All patients had pulmonary CT scan
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bullae. The authors compared the number of
observed dystrophic lesions between two groups.
One was constituted by the so-called ‘‘complicated
patients’’ corresponding to either patients who had
a history of pneumothorax (and hence, experien-
cing a recurrent pneumothorax) or those who
required surgical pleurodesis. The second group
called ‘‘uncomplicated’’ corresponded to patients
experiencing their first episode of pneumothorax
and treated with thoracic drainage. The authors
found that the complicated group had a higher
number and score of dystrophic lesions.
Sihoe et al.11 tested the hypothesis whether CT
scan findings can help to predict the occurrence of
PSP by detecting lung bullae. They took advantage
of the fact that 28 patients underwent video-
assisted thoracic surgery (VATS) to treat unilateral
PSP, to look for the presence of bullae in the
controlateral lung. They found that VATS findings
were well correlated with those of a preoperative
CT scan. Second, bullae or blebs were present in
the controlateral lung in 15 patients of whom 4
(26.7%) developed PSP in the untreated lung (after
a follow-up of 59 months) in comparison to none of
the patients who did not have controlateral blebs.
The difference was statistically significant,
although it was subsequently proven that these
authors used erroneous statistics.27
On the other hand, the majority of studies
addressing the specific issue of a relationship
between presence of dystrophic lesions and recur-
rence of pneumothorax did not find such a relation-
ship. Mitlehner et al.9 included much less patients
than in our study, with a mean follow-up of 32
months. Overall, the recurrence rate was slightly
more elevated (23%). The findings of that study
were consistent with ours and the CT scan findings
(number, size and distribution of dystrophic lesions)
were not found to be correlated with the risk of
recurrence of pneumothoraces. Smit et al.28 tried
to relate the presence of bullae and their distribu-
tion to the first and recurrent pneumothorax in 101
cases of PSP. They hypothesized that if bullae
are predisposing for developing pneumothorax,
it is therefore expected a higher incidence of
bullae in patients with recurrent PSP than in
patients with first PSP. Pulmonary CT scan
examination disclosed similar incidence of bullae
in patients with first PSP and in those with
recurrent PSP. The authors concluded that the
location of bullae was not a factor in predicting
recurrent pneumothorax. Janssen et al.29 examined
the same study hypothesis but used videothoraco-
scopy instead of CT scan. They reached the same
conclusion with no difference of dystrophic lesionsfound among patients with the first PSP or those
with recurrent PSP.
The reason why the existence and severity of
dystrophic lesions is not directly linked to the
recurrence of pneumothorax as shown in our study
and in many other studies, might recognize
numerous explanations. Regarding our study, the
size of the study sample might be insufficient to
disclose an otherwise weak statistical relation. A
possible type II error (concluding no difference
when a true difference exists) should not be
discarded. Second, the follow-up period (34
months) might have been too short to record all
recurrences that had to occur. Third, we can also
argue that the prevalence of dystrophic lesions
(72.5%) was high in this selected population of
patients who have experienced a first episode of
pneumothorax. A statistically significant difference
might have been shown, had we performed CT
scans to the general population seeking for dys-
trophic lesions in virgin lungs and their relation
with pneumothorax occurrence. According to the
probable low rate of lesion in such population,
much more patients (thousands) should therefore,
be included. In addition, a statistical relation might
have been disclosed if we used a score limited to
dystrophic lesions censed in the ipsilateral lung.
The fact that all recurrent pneumothoraces oc-
curred in the ipsilateral lung provides rational to
this approach. However, we elected to use a
previously validated score.10 Such scores usually
take into account dystrophic lesions on both lungs.
Finally, one might argue that there is actually no
causative relationship between the presence of
blebs or bullae, and the recurrence (or even the
occurrence) of spontaneous pneumothorax. Our
study is accordingly in keeping with previous
observations that the presence of dystrophic bullae
has actually no relation with the occurrence of
pneumothorax.6,9,28–31
Nevertheless, our study underlines the fact that
some features of pneumothorax management are
related with an increased risk of recurrence. This
concerns the use of small bore catheters instead of
larger drains, and the use of chemical pleurodesis
reflecting diffulties of lung re-expansion. These
findings have been emphasized by previous stu-
dies.14,21,32–34 In a prospective study assessing the
pneumothorax recurrence rate according to the
treatment method, Alfageme et al.35 found that
the recurrence rate was 36% in the group of
patients assigned to simple observation, 35% in
those treated by tube drainage and 9% in patients
requiring chemical pleurodesis. The lowest recur-
rence rate (0%) was recorded in the group treated
by surgical pleurodesis. Our study extends these
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size chest tube yielded a lower rate of recurrence
than a drainage using a catheter. These findings
provide complementary information to studies that
compared drainage by means of large drains or
catheters.4,20,36,37 Most of these studies showed
that short-term results are similar between both
drainage methods. Our results suggest that long-
time effects could be different. This observation
warrants however, confirmation by prospective
randomized studies.
In addition, our study shows that chemical
pleurodesis is a risk factor for recurrence. This
fact is in opposition with the findings by Guo et al.5
who found that pleurodesis reduces the rate of
pneumothorax recurrence. However, it is note-
worthy that in their study pleurodesis was per-
formed at physicians’ discretion and therapeutic
escalade was not standardized as in our study.
Indeed, pleurodesis was used in our patients when
pneumothoraces relapsed on aspiration (compli-
cated cases). It is probably that the latter reason is
actually responsible for the recurrence. Never-
theless, our findings are in agreement with recent
guidelines limiting the use of chemical pleurodesis
to the small number of individuals unwilling to
undergo surgical intervention either by thoracot-
omy or VATS.3 Indeed, the recurrence rate of
pneumothorax after surgical intervention is far less
than after medical pleurodesis.20,22–24References
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